Abstract
The Permanent Income Hypothesis (PIH) assumes that individuals base their decisions on lifetime wealth, not current income. Textbook versions of the PIH predict that the elasticity of consumption with respect to human wealth is equal to the share of human wealth in total wealth. Comparing calibrated wealth shares with econometrically estimated elasticities amounts to a simple test of the PIH. In the United Kingdom, aggregate consumption is found to be more sensitive to changes in human wealth than is predicted by the PIH. This does not appear to be explained by a simple, but common, treatment of credit constraints.
Introduction and summary
This paper is about the theory and estimation of the consumption function.
In particular, it focuses on the sensitivity of aggregate consumption to changes in human wealth. The main points are: first, that consumption is more sensitive to changes in human wealth than is predicted by standard treatments of consumption; and second, that the excess sensitivity does not appear to be explained by a simple, but common, treatment of exogenous credit constraints. The paper concludes that an endogenous treatment of credit constraints is likely to be more fruitful in generating an explanation.
Forward-looking treatments of consumption assume that individuals base their consumption decisions on the present value of expected lifetime income (human wealth), not current income. Some theories (including textbook versions of the permanent income hypothesis (PIH) and the Blanchard-Buiter overlapping generations model) imply consumption functions that generate at least two testable predictions. First, the elasticity of consumption with respect to total wealth (if this can be measured) should equal unity. Second, the elasticity of consumption with respect to human wealth should equal its share in total wealth.
(1) This second prediction is tested in this paper.
If labour income follows a random walk with drift (so that growth in income fluctuates around a constant mean), the PIH (2) predicts that the elasticity of consumption with respect to human wealth equals the elasticity with respect to labour income. This paper shows that a random walk with drift is a reasonable description of the data. Comparing calibrated estimates of the human wealth share with econometrically estimated elasticities with respect
__________________________________________________
(1) I would like to thank Roy Cromb for making this point. (2) In what follows we denote as the PIH all forward-looking models of consumption that generate a simple linear levels consumption function.
to labour income, the work reported below concludes that estimated elasticities in aggregate time series consumption functions are generally higher than the estimate of the human wealth share: consumption is more sensitive to changes in human wealth (and labour income) than is predicted by the PIH.
One commonly advanced explanation for this result is that some individuals are credit-constrained (see Mankiw (1989, 1991) and Muellbauer (1994) ). Intuitively, if such individuals are constrained to finance consumption out of their current labour income, consumption in the aggregate might be expected to be more responsive to changes in current income than in a world where all individuals can borrow and lend freely. But this explanation implicitly assumes that labour income evolves according to a specific statistical process. This paper shows that if the evolution of labour income for PIH consumers is described by a random walk with driftand if credit-constrained consumers are assumed to have a constant proportional claim on national income-the elasticity of consumption with respect to labour income may in fact be lower, not higher, than in an economy where individuals are all unconstrained (as in the PIH). This result seems counterintuitive.
Suppose that the elasticity for individual PIH consumers is equal to the human wealth share, estimated at x, say, on aggregate data (0 < x < 1). The elasticity for individual credit-constrained consumers is unity by construction (they are assumed to consume all their labour income). Then if the economy is populated by a mixture of PIH and credit-constrained consumers, the paper shows that the elasticity of consumption with respect to labour income does not necessarily lie between x and unity. Such a result might not seem possible in a linear model. But the reason becomes clear when it is recognised that the elasticity for PIH consumers -the human wealth share -is endogenous. If there are credit-constrained individuals in the economy, then the implied human wealth share for PIH consumers is some number less than x. And in the case where labour income follows a random walk with drift it turns out that the weighted average of unity (the credit-constrained consumers) and this number is in general smaller than x.
One must avoid the temptation of treating the elasticity for PIH consumers as a parameter, when it is in fact a variable. This is an easy mistake to make when the elasticity is estimated as a parameter in a log-linear consumption function.
The point made is not that credit constraints cannot explain the observed discrepancy between the PIH and empirically estimated elasticities of consumption with respect to labour income. It is that the particularly simplistic treatment of credit constraints that is sometimes used to account for this discrepancy will not do the trick. There are more sophisticated treatments of credit constraints in solved-out consumption functions in the literature, such as King (1986) , where credit constraints are made endogenous. Such treatments are likely to be more fruitful for macro modellers who wish to estimate or identify the responsiveness of aggregate consumption to changes in labour income.
Finally, before proceeding, it is worth noting the relationship between this paper and the vast existing literature that tests for the 'excess sensitivity' of consumption. There is plenty of econometric evidence for the proposition that consumption responds to a change in labour income by more than that is warranted by an innovation in labour income in standard versions of the PIH (see the seminal piece by Flavin (1981) , surveys by Deaton (1992) and Muellbauer and Lattimore (1995) , and Ellwood (1998) for a recent example).
Although the focus in this paper is slightly different -I look at the longrun sensitivity of consumption to innovations in human wealth -the results in this paper are consistent with the findings of that literature.
The model
In It is more difficult to solve for this consumption function analytically in an infinite horizon model when utility does not take the CRRA form (see Blanchard and Fischer (1989) chapter 2). And it is even more difficult when individuals face uncertainty about their future labour income. There are two special cases for which a solution is straightforward: first, when labour income risk is perfectly diversifiable and utility functions are in the hyperbolic absolute risk aversion (HARA) class; (6) second, if preferences are quadratic (as assumed in Hall (1978) ).
(7) Blanchard (1985) and Buiter except that the annuity rate, β must be adjusted (upwards) to reflect the positive probability of death.
Clearly the assumptions that are required to derive the linear consumption function in equation (1) are neither trivial nor entirely plausible. But the tractability of the resulting aggregate consumption function and the fact that it is founded on micro-foundations means that it remains highly influential in the macro modelling literature (in both its infinite horizon or OLG forms). In fact, as noted by Deaton (1992) :
'there is a sense in which the equation has a life of its own. One might simply assert, at least as a working hypothesis, that consumption is the annuity value of human wealth and non-human wealth.'
Returning to the infinite horizon model, the representative agent's consumption function in (1) is interpreted as representing aggregate __________________________________________________ (6) The HARA class includes the CRRA, the constant absolute risk aversion (CARA) and quadratic utility functions. (7) See Blanchard and Fischer (1989) chapter 6 for formal derivation of the consumption function in these cases.
consumption when the population of consumers has a specific age and income distribution:
where C t is aggregate consumption, and t HW and t FW are the aggregate stock of human and non-human wealth respectively at time t.
The simple levels consumption function in equation (2) generates at least two testable predictions. First, a regression of log consumption on log total wealth, controlling for the annuity rate, should yield a coefficient of unity.
In simple specifications of the long-run consumption function, this restriction has been rejected on aggregate UK data (eg see Price (1999) ).
Second, the elasticity of consumption with respect to human wealth is equal to the share of human wealth in total wealth:
(Similarly the elasticity with respect to non-human wealth is its share in total wealth).
This second prediction is tested in this paper. As we shall see, testing this particular prediction also permits us directly to consider the effect of assuming that some consumers are constrained to consume only out of their current income.
A test of the Permanent Income Hypothesis

Human wealth estimates
Unlike non-human wealth, human wealth is not directly observable, so estimates are hard to come by in the literature. Because of these measurement difficulties, researchers often prefer to quasi-difference (8) the consumption function to eliminate the term in human wealth (See Hayashi (1982) and Darby and Ireland (1994) ), or to use labour income as a proxy (which would be valid if labour income follows a random walk with drift, eg in the Bank of England and HM Treasury consumption functions.
While there are some published estimates for human wealth in overseas countries, eg Macklem (1997) for Canada, there are no published estimates for the United Kingdom.
Human wealth is equal to the discounted present value of future expected labour income: where dLYL denotes the growth in labour income, implying an annual growth rate of 2.2%. I investigate sensitivity of the resulting human wealth share estimates to this figure later in the robustness analysis .
Assuming that individuals know the value of their labour income in the current period, equation (5) is used to generate forecasts for labour income at each point in time. The forecast period is truncated at twenty years in the central case. This is roughly the remaining working lifetime of the average individual, assuming a uniform age distribution and a forty-year working life.
Of course, one could argue that truncating the forecast period at any time is not consistent with a strict interpretation of the infinite horizon model. But the infinite horizon assumption is never taken literally in empirical work on the PIH. Truncation can be justified by assuming that individuals place __________________________________________________ (11) Price (1999) also estimates a multivariate forecasting model for labour income, but this does little to the estimated values of human wealth: the correlation between the two human wealth measures is near unity. For the United States, however, Muellbauer (1996) finds that a multivariate model for predicting US labour income is superior to a random walk with drift.
(12) Blake, Camba-Mendez and Weale (1998), using a much longer historical data set, argue that labour income is stationary and use a forecasting rule where consumers make an assumption about the rate at which income growth deviates from its trend rate. (13) Strictly speaking I should use labour income per capita in the human wealth calculations so as to abstract from that component of the increase in human wealth over time that is due to population growth. But by the same argument I would use nonhuman wealth per capita to calculate the human wealth share. The population term would drop out in the share so I continue with an aggregate measure.
effectively zero weight on income streams beyond the average lifetime of a representative agent (equivalently, in the OLG model, that individuals do not have strong bequest motives). A strict interpretation of the infinite horizon assumption would also mean having to impose the restrictive stability condition that the real interest rate used to discount expected future labour income exceeds the trend growth of labour income (this is violated, for example, in the baseline case).
The rate at which individuals discount their future labour income is of course very difficult to measure. On one view the ex ante real rate of return on labour income is best proxied by the ex ante real rate of return on a risky portfolio. But this itself has huge measurement problems. An alternative is simply to use an ex post measure of the interest rate. This is the route followed by Darby and Ireland (1994 This corresponds to the assumption made in Price (1999) . Surprisingly, and reassuringly, the sensitivity of the human wealth share to assumptions about the drift term in labour income, the discount rate and the forecast horizon is not great.
(17) So in the baseline case, the PIH would predict that the elasticity of consumption with respect to human wealth is around 0.78. Comparing this with an econometrically estimated elasticity __________________________________________________ (17) Note that it is still possible to calculate positive finite human wealth shares using the formula in equation (1) even when the trend rate of growth of labour income exceeds the real interest rate (as in the baseline case) because the forecast horizon is truncated.
amounts to a test of the PIH. Specifically, I test the restriction that the econometrically estimated elasticity is equal to 0.78.
Arguably the fact that I use ex post real interest rates on building society accounts significantly understates the riskiness of future labour income and therefore the discount rate used by agents. This could significantly bias my human wealth share estimates in an upwards direction. Blake, Camba-Mendez and Weale (1998) assume a much higher real interest rate used to discount future labour income of 7.6% per year; Hayashi (1982) uses even higher estimates, ranging from 13.2% to 17.3%. So it is probably best to interpret my 0.78 estimate as an upper bound.
The elasticity of consumption with respect to human wealth
In many consumption functions (Bank of England, HMT and NIESR), the difficulties of measuring human wealth lead modellers to proxy it with labour income. This is valid in a log-linear macro model if log labour income follows a random walk with drift process. Such consumption functions yield elasticities of consumption with respect to labour income, not human wealth.
But we show that for this labour income process, the two elasticities are in fact identical. This allows us to compare the human wealth share with directly estimated elasticities of consumption with respect to labour income: 
(7)
So human wealth at time 0 is a linear function of labour income at time 0 (with no additional terms). If the economy at any time t is characterised as populated by infinitely lived agents born in that period, this linear relationship will apply at all times.
As human wealth is a linear function of labour income (with no additional terms), and consumption is linear in human wealth under the PIH, the PIH predicts that the elasticity of consumption with respect to human wealth is equal to the elasticity with respect to labour income.
If cointegration techniques are applied to estimate the long-run determinants of consumption, equations (2) and (7) form the basis of the cointegrating vector as, for example, in the Bank's and HM Treasury's macro model (Bank of England (1999) and Chan, Savage and Whittaker (1995) ). (18) Estimates of the elasticity of consumption with respect to labour income in the long run, taken from the long-run consumption functions in the main macroeconometric models, are higher than the 0.78 predicted by the calibrated human wealth share: In the Bank's consumption function we tested formally the restriction that the elasticity of consumption with respect to labour income equalled the estimates for the human wealth share shown in Table A . In all cases the restriction was easily rejected. Given the earlier argument that my human wealth share estimates may well be subject to a large upwards bias, these results suggest that consumption is significantly more sensitive to human wealth than is consistent with the PIH as set out above. (19) __________________________________________________ (18) In fact, because the human wealth proxy and non-human wealth have to be estimated as separate independent variables, the consumption functions estimated are actually log approximations of the levels consumption function in (2). This may impart a bias to our tests ? though it is not clear which way the bias will go (technical details of the log approximation are available from the author on request). (19) Real interest rates are assumed to be constant in this analysis. Time-varying real interest rates may in principle bias upwards the estimated elasticity of consumption with respect to labour income. Unless a real interest rate term is included in the consumption function, movements in the real rate will be captured in the equation residual. But real interest rates also enter the right-hand side of the equation through the non-human wealth term: non-human wealth is partially revalued when real interest rates change. The correlation between non-human wealth and the residual will be negative in this case and so the OLS estimate of the elasticity with respect to nonhuman wealth will be biased downwards. By homogeneity, the elasticity with respect to labour income will be biased upwards. Preliminary work at the Bank of England using non-human wealth stripped of revaluation effects suggests that the bias may not, however, be great in practice.
Can credit constraints explain the apparent extra sensitivity?
One explanation for this result that has received support in the literature is that some consumers are credit-constrained. Intuitively, if such individuals are constrained to consume only out of their current labour income, consumption in the aggregate might be expected to be more responsive to changes in current income than in a world where all individuals are unconstrained. (20) I show here that if labour income follows a random walk with drift, the elasticity will not in general be higher if there are credit-constrained agents in the economy.
Credit-constrained consumers are unable to borrow off their future labour income and are further assumed to hold zero net financial assets (and their housing assets are assumed to offset their mortgage liabilities).
(21) So consumption by a credit-constrained consumer is given by:
__________________________________________________ (20) One argument against this is that credit constraints would not alter the long-run relationship between consumption and labour income, as over long periods, actual and permanent income move together. On this argument there is an a priori objection to credit constraints as an explanation for the long-run discrepancy between the PIH and the data. But against this, an economy might be viewed as having imperfect capital markets even in steady state. Darby and Ireland (1994) assume that credit constrained consumers hold net negative assets. Another alternative would be to assume that credit-constrained individuals hold positive net assets as a buffer against future shocks to income.
This implies the following aggregate consumption function:
where PIH t
HW
is total human wealth of PIH consumers, t FW is total net non-human wealth and
− is total labour income of the credit-constrained. We assume here that the real interest rate used by PIH consumers to discount their expected future labour income is unchanged when there are credit-constrained individuals in the economy. We further assume that the trend growth of consumption (the drift term, g) is also independent of whether or not there are credit-constrained consumers in the economy. These are, of course, simplifying assumptions. For example, the existence of credit constraints for some individuals may negatively affect overall productivity growth and hence g, though arguably there might only be a levels effect. More importantly, β, and Mankiw (1989 and Mankiw ( , 1991 , where differences in β and g are not explicitly allowed for. And although the strength of the result in this section is sensitive to these assumptions, the main conclusion (that simplistic treatments of credit constraints cannot necessarily explain the excess sensitivity of consumption to human wealth) holds even when these assumptions are relaxed.
It is also commonly assumed for simplicity that PIH consumers receive a constant proportion, λ, of total labour income. This is equivalent to saying that the growth rate of labour income for credit-constrained and unconstrained consumers is equal. But there are good reasons why in practice credit-constrained consumers might actually have above-average expected labour income growth, eg if the constrained are young individuals who have accumulated no financial savings and so would like to borrow off their (high) expected labour income growth. I investigate the consequences of this simplifying assumption by further assuming that human wealth can be approximated by a linear function of labour income (with no additional terms), as in equation (7). In this case, the aggregate consumption function can be written as:
where t YL is aggregate labour income. This can be compared with the aggregate consumption function when all individuals are PIH consumers:
It is now straightforward to compute the elasticity of consumption with respect to labour income in the two different economies using equations (9') and (10):
Now consider two mutually exclusive hypotheses:
The first hypothesis is that the PIH is consistent with the value of the econometrically-estimated elasticity, and that there are no credit-constrained individuals. We can substitute in values for the real interest rate, the annuity rate, the drift term g, aggregate labour income and consumption into (12), and compare this with the econometric estimate. But we have shown earlier that (12) is equivalent to the human wealth share under the PIH, and have already concluded that calibrated estimates of this share are too low to explain the econometric estimates of the elasticity. So we reject this hypothesis.
The second hypothesis is that the econometric estimate of the elasticity can be reconciled with theory if in fact some individuals are credit-constrained, and so the pure PIH is incorrect. What this means is that the simple treatment of exogenous credit constraints above is not able to explain the excess sensitivity of consumption to innovations in labour income detected in Section 3. Macro modellers will require a more sophisticated treatment of credit constraints, where the constraints are endogenous, if they are to explain the excess sensitivity.
Conclusion
Under certain assumptions the permanent income hypothesis (PIH) argues that individuals base their consumption decisions on lifetime wealth, not current income. The levels consumption function generates at least two testable predictions. First, that a regression of log consumption on log total wealth, controlling for the annuity rate, should give a coefficient of unity.
Second, that the elasticity of consumption with respect to human wealth should equal the share of human wealth in total wealth. This paper has tested the second prediction. Assuming that individuals expect their labour income to follow a random walk with drift (a model that seems to fit the aggregate data well) the PIH predicts that the elasticity of consumption with respect to labour income is equal to the share of human wealth in total wealth. 
